Background: There is a paucity of information on factors that influence the school performance of children with sickle cell anaemia (SCA) in Nigeria, despite her huge burden of the disease. Methods: In total, 101 children with SCA were recruited at a paediatric clinic in Nigeria. Their socio-demographic-matched classmates were the controls. Academic performance and cognitive functioning were obtained from school reports and Ziler's Draw-a-Person Test, respectively. Factors influencing the academic performance were determined. Results: Children with SCA had higher rates of school absence and lower haemoglobin concentration (p < 0.05). There was no difference in overall school performance between children with SCA and controls (59.0 vs. 60.6%; p ¼ 0.256). School absenteeism > 1 week independently predicts poor school performance among the study participants (odds ratio ¼ 15.71; 95% confidence interval ¼ 5.93-41.66; p ¼0.000). Most SCA children with poor performance were absent from school for > 1 week. Conclusion: There is need to address causes of school absenteeism among children with SCA.
births of affected children occur with 50-80% of them dying before adulthood [2, 3] . Nigeria has the highest burden of SCD in the world, with about 2-3% prevalence in newborns [4] . The disease greatly impinges on the quality of life of affected individuals, including their educational attainments [2, 3, [5] [6] [7] .
Attainment of quality education is one of the basic rights of a child [8] , and sound academic achievement is linked to the potential to be productive and be economically independent in life [7, [9] [10] [11] .
Whereas the determinants of academic performance of children with SCA are well studied in the developed world [7, [12] [13] [14] [15] [16] [17] , there is a paucity of information on these among African children, especially in Nigeria, despite the huge SCD burden. Furthermore, there is no consensus from the few available local studies [10, 11] . This study was conducted to determine the academic performance of children with SCA in comparison with their peers using school reports as surrogate. The impact of some factors on their school performance was also studied.
M E T H O D S

Study location and design
This study was conducted between April and June 2016 at the paediatric sickle cell clinic of the Ekiti State University Teaching Hospital (EKSUTH), Ado Ekiti, Nigeria. Ado Ekiti is the capital of Ekiti State, with a population of about 308 621, and EKSUTH as the only tertiary health institution [18, 19] .
Ethical considerations
Written informed consents were obtained from parents/caregivers as well as assents from the study participants as applicable. Ethical approval was obtained from the ethics and research committee of the EKSUTH. The cooperation of the school authorities and class teachers was obtained.
Sample size determination
Based on previous studies [10, 11] , at 95% confidence interval (95% CI), 80% power and 2.5 odds ratio, the minimum sample size was 87 participants from either group [20] . However, 101 children were examined.
Study participants
All children with SCA consecutively aged 4-12 years and in a steady state were recruited. Steady state was defined as being free from any acute event(s) for at least 1 month and transfusion-free for at least 3 months before recruitment [1] .
The controls were age, sex and socio-economically matched normal classmates of the children with SCA. The controls must have spent the 2015-16 academic session together with their paired SCA counterparts in the same class.
The participants were screened for visual and hearing impairment using the guidelines for children [21] and pure tone audiometry using TRIVENI TAM 50 Audiometer Triveni Electronics India [22] , respectively. Children with visual and/or hearing impairments and those with chronic medical and/or neurological conditions were excluded.
Data collection A pre-tested chart was used to obtain relevant information, which included parents' contact, name, age, sex, name of the school and class of participants. Also, record of school attendance was taken from the children's class register by noting the number of days children were absent from the school.
The average of the total sum of scores in all subjects offered to each participant pair during the 2015-16 academic session expressed in percentage was obtained. These were further graded as high (!75%), average (50-74%) and low (<50%). Those with high and average scores in all subjects were sub-classified as normal school performance, while those with <50% were regarded as poor school performance.
History of illnesses/reasons for school absence in the 2015-16 session was obtained from the parents, and these were corroborated by the hospital records of the participants with SCA. The peripheral oxygen saturation (SPO2) of each participant was determined by a portable pulse oximeter (ACARE Technology Co. Ltd. Taiwan) [23] . The SPO2 was classified as hypoxaemia if <95% or normal if SPO2 is !95%. The Hb concentration of each participant was determined by a portable Hb metre (Acon Biotech V R San Diego, USA) [24, 25] . Hb concentration <7 g/dl was considered as severe anaemia [25] .
Each pupil was asked to perform the Ziler's Draw-a-Person Test (DAPT) to assess their intelligence [Draw-a-Person Quotient (DAPQ) scores] on the spot using the 52-point scoring criteria proposed by Ziler, as previously described [26] . The test has a correlation of 0.62 with both the Stanford-Binet test and the Wechsler's intelligent scales for children, and it has been validated among Nigerian children [27] . Participants' DAPQ scores <50% were regarded as mental deficiency, between 50 and 75% as dullness and scores !75% were regarded as normal [26, 27] .
Socio-economic classes of the children were determined based on their parents' occupation and highest educational qualifications, with Class I being the highest and Class V the lowest. Social Classes I and II were sub-classified as upper class, Class III as middle class, while Social Classes IV and V were classified as lower class [28] .
Data analysis
This was done using Statistical Programme for Social Sciences (SPSS) software version 17.0 (SPSS Inc., Chicago 2008) using the appropriate statistics, and the level of significance was set at p < 0.05.
R E S U L T S
A total of 202 children were examined, including 101 children with SCA and 101 non-SCA classmates from 68 schools.
Socio-demographic characteristics of participants
The mean ages of the SCA participants and controls were 9.13 6 2.60 and 9.20 6 2.58, respectively. Other socio-demographic characteristics of the participants are shown in Table 1 .
Comparison of parameters between SCA participants and controls Compared with controls, children with SCA had lower mean Hb concentration levels (7.6 vs. 10.57 g/ dl; p < 0.001). However, children with SCA had a longer duration of days of school absence, with a median (IQR) duration of 6.0 (4.0-16.0) vs. 2.0 (1.0-6.0) days; p < 0.001. Although no significant difference was found in the DAPQ scores (72.4 vs. 76.6; p ¼ 0.082) and school performance (59.0 vs. 60.6%; p ¼ 0.256) of the two groups, more children with mental deficiency were observed among the SCA group (11 vs. 0; p < 0.001) ( Table 2 ). All the six participants with hypoxaemia had SCA.
Association between school performance and other variables among the participants School performance positively correlated with DAPQ scores (r ¼ 0.86; p < 0.001) and Hb concentration (r ¼ 0.257; p < 0.001). Conversely, it negatively correlated with age of participants (r ¼ À0.31; p < 0.001) and days of school absenteeism (r ¼ À0.61; p < 0.001). However, no significant correlation was observed between school performance vs. SPO2 (r ¼ 0.03; p ¼ 0.66) and social class (r ¼ À0.1; p ¼ 0.173).
Association between school performance and other variables in children with SCA In total, 24 (23.8%) children with SCA had poor school performance. Age >10 years, belonging to higher classes (primary 4-6), and school absenteeism >1 week were significantly associated with poor school performance (p ¼ 0.023, p ¼ 0.011 and p < 0.001, respectively). There was a significant relationship between DAPQ score and academic performance (Table 3) .
Association between school performance and other variables among controls In total, 14 (13.9%) controls had poor school performance, and 8 (57.1%) of them were absent for >1 week compared with 6 (7%) of 87 pupils with normal performance (p < 0.001).
Factors predicting poor school performance among participants There was no significant difference in the school performance of the two groups, as 24 (23.8%) children with SCA compared with 14 (13.9%) controls (p ¼ 0.072) had poor school performance. Only school absenteeism >1 week was significantly associated with poor school performance among the participants on multivariate analysis (odds ratio ¼ 15.71; 95% CI ¼ 5.93-41.66; p ¼0.000), and 21 of 24 (87.5%) poor performers among the children with SCA compared with 8 of 14 (57.1%) poor performers among the non-SCA were absent from school for >1 week.
Causes of school absenteeism among children with SCA As shown in Table 4 , most were absent from school for medical reasons. 
Follow-up
The participants with poor school performance are being followed up.
D I S C U S S I O N
The increased number of days of school absence among the children with SCA in this study could be a reflection of the chronic nature of the disease leading to various morbidities that often interrupt their school activities [5, 6, 10-12, 16, 17] . Our findings are in agreement with previous studies [7, 10-12, 14, 16] . The anaemia among patients with SCA has also been reported alongside their deleterious impacts on children [14, [29] [30] [31] [32] [33] [34] .
The lack of a clear link between poor school performance and the degree of anaemia and/or oxygen saturation in this study needs to be interpreted with caution owing to the lack of local data on how these parameters influence the school performance of Nigerian children with SCA because, previous international studies have implicated them [14, 29, 30] . Contrary to some previous reports [7, 35, 36] , we did not observe any difference between the overall academic performance of the SCA and non-SCA children. However, our findings corroborate some local studies [10, 11, 27] and findings by Richard and Burlew [17] in the USA. These may suggest that Nigerian children with SCA compete favourably with their classmates.
The differences in the school performance observed by the other studies [7, 35, 36] could be attributed to the differences in their methods and study participants compared with the current study. While Epping et al. [7] used population of mixed patients with SCA, Crosby et al. [35] conducted the study among a small group of 30 children, thus making generalization of its findings difficult. The study by Montanaro et al. [36] was conducted among mixed immigrant population that are from different socio-economic backgrounds.
The poor performance among older children in this study corroborates earlier observations by Hogan et al. [14] that, faltering intellectual attainment in children with SCA usually begins around adolescence probably from cumulative effects of chronic anaemia and hypoxia suffered from early childhood. Social distractions could also contribute to this observation. Neurologic insults like stroke and silent cerebral infarctions have also been implicated [13, 29-32, 37, 38] . Participants with stroke were excluded from this study, but owing to lack of facilities, we were unable to conduct MRI for silent brain infarct screening. The link between poor school performance and silent cerebral infarcts is still being debated as one recent large multicentre study in the USA [16] , did not find any relationship between silent brain infarcts and poor school performance among children with SCA. Nevertheless, the 24 participants with SCA with poor school performance in this study are being followed up.
That the DAPQ scores of the participants correlated well with their school performance highlights the reliability of the Ziler's DAPT test in assessing the cognition and/or executive functioning of children with SCA. Hence, the tool could be adopted by physicians caring for children with SCA in screening for faltering cognition.
The association between increased number of days absent from school and poor school performance by participants in this study conforms with previous studies from outside Nigeria [7, 16, 35, 39, 40] . The observation that a relatively higher proportion of children with SCA with poor performance were absent for >1 week compared with their peers strongly suggests a link between poor school performance and increased school absenteeism among the children with SCA. But the current study being from a single centre has raised the need for a larger multicentre study to address this link. Although Ezewonsu and colleagues [11] proposed the ability of the children with SCA to catch up with missed school work, it is possible that our study participants who missed school lacked this ability and were unable to catch up with their mates after returning to their studies. In Nigeria, the contents of primary school curriculum are uniform and enforced across the country. The delivery of the curriculum contents is time bound and monitored by government agencies [41] . It is therefore conceivable that children with increased school absenteeism stand the risk of missing some vital lectures, which may result in poor performance at examinations.
Painful crises and malaria infection were the leading reasons for school absenteeism by the patients with SCA. This observation is not surprising, given the chronic nature of SCA with attendant high morbidities in the tropical Africa [1, 2, [4] [5] [6] [42] [43] [44] [45] . It raises the need for stakeholders to deploy all strategies to combat all reasons for school absenteeism identified in this study. In conclusion, this study found no significant difference in the school performance of children with SCA from their peers. However, children with SCA had longer duration of days of school absence compared with their peers. The observation that medical illnesses accounted for the greatest causes of being away from school raises the need for stakeholders to stem the tide of these illnesses.
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